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INTRODUCTION 
The purpose of this work was to make a "quantitative 
serological analysis" of types Ia, Ib and III Shigella 
flexneri antisera. The type-specific immune fraction of 
each serum was measured and in addition, the group-specific 
"6" antibody in types Ib and III antisera was determined. 
lv. 
REVIEW OF THE LI TERATURE 
The group of organisms which we now designate as 
Shigella flexneri has a confusing history. This confusion 
has resulted from strong nationalistic tendencies in termi-
nology, lack of adequate differential tests, and sometimes 
incorrect evaluation of the tests performed (21, 39, 53, 57). 
Simon Flexner (21) was probably the first to isolate 
and describe an organism from cases of bacillary dysentery 
which is now included in the species Shigella flexneri. 
The organism was described as motile, although not as active-
ly motile as the typhoid bacillus; after cultivation, motili-
ty tended to be lost. On occasion, some strains produced 
indole. The organism was gram negative and formed no spores. 
In the same year, Strong and Musgrave (57) described a 
similar microorganism. This was no coincidence, for Flexner 
and his co-workers had been sent to study diseases in the 
Philippines, and had carried out much of their work in an 
Army laboratory directed by Strong (5). Strong noted that 
flvirulence" of the organisms for laboratory animals varied 
greatly in different strains and was easily lost when the 
organisms were cultivated on artificial media for any length 
ot time. 
On the basis of a few biochemical tests and the Gram 
stain, both Flexner and Strong concluded that the micro-
organisms which they had isolated were identical with those 
previously described by Shiga (53). Shiga had also reported 
that his cultures were motile. In the latter part or the 
year 1900, Kruse (37) isolated, from the stools or dysentery 
patients, rod shaped bacteria which resembled Shiga's ba-
cillus, but which were non-motile. On this basis, he con-
cluded . that his strains differed from Shiga's. However, 
after further investigation it was found that both the 
strains of Kruse and those of Shiga were non-motile. For a 
number of years, the organism now designated as Shigella 
dysenteriae was generally known as the Shiga-Kruse bacillus. 
Later, Kruse (38) isolated from clinically atypical 
dysentery cases an organism which morphologically resembled 
the Shiga-Kruse bacillus but which differed from it sero-
logically. The clinical picture varied from typical dysen-
tery in that it was less severe. Kruse called these newly 
isolated strains Bacillus pseudodysenteriae, a term which 
he persisted in using as late as 1917 (39). 
The work of Martini and Lenz (43) was directed toward 
the classification of the dysentery group. Working with 
many strains, some obviously not dysentery cultures since 
they were motile, they divided the dysentery bacilli into 
two main groups on the basis or serological reactions: 
Group I - the Shiga-Kruse bacillus 
Group II - the Flexner, Strong and Kruse 
pseudodysentery bacilli 
Lenz (39) confirmed this work and found that group I and 
group II could also be distinguished by the fermentation or 
2. 
mannitol. The organisms of group I were unable to ferment 
this compound while those of group II had the power to do 
so. 
A year later, Hiss and Russell (31) described another 
strain of dysentery which they termed "Y". This .microorgan-
ism seemed similar to that of Flexner by agglutination re-
action, but differed from it biochemically. Their Flexner 
strains fermented maltose and sucrose while the "Y" bacillus 
attacked neither. On the basis of further biochemical and 
serological tests, Hiss (30) divided the dysentery organisms 
into four groups: 
Group I Shiga-Kruse 
Group II "Y" 
Group III Strong 
Group IV Flex.ner 
He noted serological overlapping among groups II, III and IV. 
In 1905, Collins (13) introduced a new term, "para-
dysentery", to replace "pseudodysentery" used by Kruse. In 
- -general, American investigators adopted Collins' terminology. 
On the other hand, German workers accepted Kruse's nomencla-
ture. 
As Castellani • s ( 9) technique of agglu_tinin absorption 
became more popular, Kruse, Ritterhaus et al. (40) employed 
this method to classify fifty pseudodysentery strains. 
They divided the fifty cultures into six serological groups 
which they designated by the letters A throijgh F. However, 
3. 
the system did not prove satisfactory because of the diffi-
culty of fitting newly discovered strains into the scheme. 
No further progress was made on this problem until the 
work of Andrews and Inman (2). These investigators, al-
though unable to obtain Kruse's cultures, studied strains 
collected from numerous countries. Using the agglutinin-
absorption technique, they divided the paradysentery group 
into a number of "races" on the basis of four antigens whioh 
they designated V, W, X, z. All races were thought to pos-
sess a mosaic of the four antigens and the race was labeled 
with the letter of the antigenic factor which occurred in 
the largest amount. The "Y" strain of Hiss and Russell was 
considered to hav~ the four antigens in equal proportions, 
while their VZ and ~A strains had two dominant factors. 
Confusion existed for some time over the position of race X, 
for it reacted only weakly or not at all with the sera of 
the other strains. Boyd (6) considered it a special type, 
but later thought it to be a degraded variant of race Z (?). 
As far ·as the English speaking countries are concerned, 
Andrews and Inman's work is classical. Since their publi-
cation, Aoki (3, 4), Murakami (46), Sartorius and Reploh (51), 
Clauberg (10), and Kauffmann (35) have devised antigenic 
schemes of the paradysentery group, but none of these has 
been generally accepted. 
The foundations of our present serological classifica-
tion of the paradysentery group were laid by the Englishman 
J. s. K. Boyd (6). Of five thousand mannitol-fermenting 
cultures isolated in India, he found that only seventy per-
cent could b~ typed by Andrews and Inman's scheme. Since 
approximately fifteen hundred of his cultures had no place 
in an accepted system of typing, he pursued the problem fur-
ther. After a comprehensive serological analysis, Boyd 
found three new serological types in addition to the four 
existing types of Andrews and Inman. The failure of Andrews 
and Inman to recognize these three additional types can 
probably be explained by the absence ot Indian cultures from 
their collection. These new types were designated by their 
strain number as 103, Pll9, and 88. Strain 88 proved to be 
serologically identical with those isolated by Cla.yton and 
Warren (11) and Downie, Wade et al. (17} in England. While 
strain 88 was serologically stable, it produced mutants 
which were aerogenic. However, because of serological rela-
tionships, these organisms were retained in the paradysen-
tery group. 
Boyd could not confirm the findings of Andrews and 
Inman, that each dysentery strain contained four antigens, 
one of which predominated. Instead, Boyd found that the 
antigen which predominated in a type was unique for that 
type. This antigen he designated "type specific", since cul-
tures of another type did not possess it. The cross re-
actions which occurred among paradysentery ~rganisms were 
caused by minor or "group antigens" which differed from the 
predominating type-specific factor. Boyd established the 
concept of type and group-specific antigens which is accept-
ed today. 
During this study, Boyd isolated six paradysentery 
strains which did not serologically cross react with any of 
the above-mentioned organisms. These cultures had type-
specific antigens but lacked group components. Thus, the 
paradysentery group has been divided into subgroups: the 
Flexner group already mentioned and the ~oyd group which 
consists of the six strains just described {7, 18). 
In the United States, Wheeler (62, 63) confirmed and 
extended the work of Boyd. ' Like Boyd, he labeled type anti-
gens by Roman numerals and group antigens by Arabic numbers. 
Instead of finding six group antigens as did Boyd, Wheeler 
detected nine. Subtypes of certain strains were shown to 
exist. These were organisms with the same type-specific 
antigen but different group antigens. 
The concept of group antigens was considered by Weil, 
Black et al. (58) to be of such minor importance that they 
used only type designations in their antigenic scheme. How-
ever, in their attempt to make serological typing of para-
dysentery strains more practical, they tended to oversimplify 
the problem, and their views were not generally accepted. 
In 1950, an international committee (36) suggested 
standard nomenclature and classification for the family 
Enterobacteriacae. Wheeler~s diagnostic scheme of the 
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Flexner group was adopted with mi~or changes. At the same 
tLme, Madsen's (42) simplified typing scheme based on the 
work of Boyd and ·wheeler was presented. This worker kept 
the type designation of Boyd and Wheeler, but did not employ 
all of the group antigens of these investigators. 
An important feature of Madsen's work was his recogni-
tion of the difference between the type-specific antigens of 
Ia and Ib cells. If a Ib antiserum is absorbed so as to 
contain only type· I antibody, one wonld expect that ·Ia cells 
could completely absorb the "I" antibody from this serum. 
However, this is not the case. An appreciable amount of 
antibody remains. In order to designate the difference be-
tween the type-specific antigens, Madsen labeled the anti-
gen from Ia as I and the antigen from Ib as Is. : This "s" 
is meant to describe a factor present in Ib cells in addi-
tion to the type antigen I. 
A summary of the more important work on the serology 
of the Flexner group is presented in tables 1-4. 
Unfortunately, progress in the study of dysentery 
immunization has not equaled that of serological identifica-
tion of Shigella strains. ·we have progressed little in the 
last fifty years in the problem of induced resistance to 
dysentery infection. The chief obstacle to research on this 
subject has been the lack of suitable experimental animals. 
Man and in some cases the monkey (8) appear to be the only 
natural host for these organisms. Swiss mice have been used 
extensively for studies of dysentery immunity. However, all 
of the data obtained is open to criticism because an infec-
tion resembling dysentery in man cannot be produced in mice 
or other laboratory animals. Further, the observations ot 
Shaughnessy et al. (52) indicate that pathogenicity of 
dysentery bacilli for mice infected by the intraperitoneal 
route cannot be correlated with pathogenicity for man by the 
oral route. 
Few studies have been performed using human volunteers. 
Shaughnessy's group have reported that immunized humans were 
no more resistant to experimental infection than unimmunized 
controls. However, these results were qualified by an ex-
planation that the vaccines employed were from stock cultures 
and the suggestion was made that future experiments be 
carried out using vaccines prepared from freshly isolated 
cultures of known virulence for man. Wilkens and Wells (64) 
and Paddle (47) had already reported successful control of 
endemic dysentery in institutions by immunization procedures. 
The immunizing agents they employed, however, were composed 
of organisms isolated directly from the patients involved. 
In another study, Hardy, DeCapito et al. (24} reported nega-
tive results after immunizing patients in mental hospitals; 
however, they too, used common laboratory strains as vac-
cine components. 
In spite of these conflicting results, an impetus for 
further investigation comes from epidemiological studies. 
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Felsen, .Hundlett et al. (20}, McGinnes, McLean et al. (44), 
-
and a report from the British (22) have noted that in areas 
where dysentery is endemic, the disease is usually limited 
to new arrivals. This would lead one to expect that there 
must be some type of acquired resistance to this infection. 
If this immunity does exist, it is probable that at 
least part of it is directed against the somatic antigen (59). 
This is the only fraction of the dysentery cell which is 
toxic (54). Perlman and Weil (50) found that ·as antibody 
is removed from an antiserum with homologous .purified 
somatic antigen, the mouse protection power of the serum de-
creases. Thus, the substance which determines the serologi-
cal activity of the cell is responsible for its toxicity. 
Numerous investigators (14, 15, 16, 54, 59, 60, 61) 
have found tha.t both active and passive imm.uni ty in the 
mouse, and passive immunity in the chick embryo is highly 
type specific. That is, antibody against the type-specific 
antigen of Flexner organisms plays a most important role in 
rendering a mouse or a developing chick embryo resistant to 
a challenge infection. Weil (59) did not choose to specu-
late on the reasons for this type specificity in resistance, 
since he admittedly lacked quantitative data regarding the 
types of antibodies in his sera. 
In 1934, Heidelberger and Kabat (25) published the 
first of their classical papers on quantitative studies of 
agglutination. Since that time the agglutinin content of 
antisera prepared against a variety or organisms has been 
investigated (1, 12, 23, 28, 33, 34). In developing the 
technique, Heidelberger and his group thoroughly studied 
the pneumococcal system (25, 26, 28). 
Perlman and Goebel (48, 49) have studied quantitatively 
some or the serological reactions or the Flexner group. The 
work was largely concerned with the purification and chemi-
cal and biological characterization or the somatic antigens. 
Since their preparations were electrophoretically homogene-
ous and showed only one equivalence zone in precipitin tests, 
they concluded that they had 9btained pure preparations. 
When rabbits were immunized with these antigens, the same 
spectrum of antibodies for other Flexner types was obtained 
as if the whole cell were used. Thus, they conclude.d that 
the somatic antigens were single substances and not a mix-
ture of several antigens. This view is also held by Meyer 
(45). Unfortunately, Perlman and Goebel were not interested 
in diagnostic serology, and made no study of the specific 
serological fractions of the sera. 
No "quantitative serological analysis" of any enteric 
antiserum has been reported. The purpose of this work is to 
study quantitatively the cross agglutination reactions 
which exist between Flexner types Ia, Ib and III cells. The 
type-speciric antibody in each of the three antisera, and 
the group-specific "6" factor in Ib and III sera was also to 
be estimated. 
10. 
MA TERI.ALS .AND METHODS 
Selection of straina · 
The strains used in this work were cultures supplied 
for the preparation of standard typing sera by the Communi-
cable Disease Center of the United States Public Health 
Service. The culturest obtained through the courtesy of 
" Dr. Robert MaeCreadyt Massachusetts Department of Public 
Health, were labeled as follows: 
Flexner I a CDC 
Ib CDC 
II a CDC (1675) 
IIb CDC 
III c:mc 
· IVa CDC 
IVb CDC (879) 
v CDC (63) 
VI CDC (19) 
X CDC (167) 
y CDC (1698) 
Preparation of medium 
.A. Basal medium 
One hundred and fifty grams of casamino acids (Difco) 
were dissolved in fifteen liters of hot tap water, the pH 
adjusted to 7.5, and the solution sterilized in five gallon 
pyrex carboys for two hours at fifteen pounds pressure. 
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B. Yeast extract dialysate 
Five hundred grams or dried yeast was suspended in 
approximately one liter of water anddialyzed against three 
one liter changes or distilled water. The resulting dialy-
sate was concentrated by vacuum distillation to 500 ml, di-
vided into 50 ml amounts and stored at -15C. 
Cultivation of organisms 
The medium was inoculated with 2 ml ot a six hour broth 
culture of the desired strain. At the same time, the yeast 
dialysate and 10 ml of an aqueous solution of phenol red 
(7.5 mg/ml), both sterilized by filtration, were added. The 
bottle was then incubated at 35-37C. , 
Approximately eighteen hours later, 400 ml of a sterile 
fifty percent glucose solution, and 1 ml of tributyl phos-
phate* were introduced into the growing culture. The tri-
butylphosphate served as an "antifoam" agent. The growing 
cultures were aerated by passing air through the medium and 
by vigorous mechanical stirring. The air was dispersed by 
passage through a sintered glass tube. 
As the multiplying organisms produced acid, as indicated 
by a change in the color of the phenol red indicator, normal 
sodium hydroxide was added to maintain the hydrogen ion con-
* The tributyl phosphate used was obtained through the 
courtesy of The Commercial Solvents Corporation, New York, 
New York. 
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oentration at approximately pH ?. Arter seven hours the 
apparatus was disassembled and the culture killed by the 
addition of phenol to a final concentration of 0.5 percent. 
The killed cells were collected in a Sharples centri-
fuge. Those organisms which were to be used in the quanti-
tative agglutinin tests were washed several times with 
saline containing 0.1 percent formalin as a preservative, 
and stored in the refrigerator. Bacteria to be used in the 
production of absorbed sera were acetone dried and stored 
at room temperature. 
Preparation of antisera 
Since a relatively large amount of each immune serum 
-
was to be used in this work, four rabbits were immunized 
with each antigen. The organisms from a twenty-four hour 
beef extract agar slant were suspended in saline (0.9 percent 
sodium chloride) containing 0.3 percent formalin. Arter 
twenty-four hours, the suspension was diluted so that 1 ml 
contained approximately one billion organisms. The rabbits 
were inoculated with 0.5 ml of the appropriate antigen 
every third day until they had received five injections. A 
week after the fifth .dose they received a final injection of 
1 ml of the suspension. Five days later the animals were 
bled and their sera pooled. Merthiolate was added to a final 
concentration of one to ten thousand to each serum pool. 
lJ. 
Agglutination tests 
The agglutinin titer of each immune serum was deter-
mined. Two fold serial dilutions of the antiserum were pre-
pared in a final volume of 0.5 ml. To each dilution, 0.5 ml 
of the appropriate antigen was added, and the tests were 
read in the usual manner after eighteen hours incubation at 
550. 
Preparation of absorbed ~ 
Each absorbed serum was prepared using a known weight 
of absorbing organisms and a known volume of serum. The ab-
sorbing strains used were those recomm~_nded by Dr. William 
Ewing, Communicable Disease Center, Atlanta, Georgia (19). 
In order to control dilution, occlusion:, and non-speciric 
absorption, a comparable amount or serum was absorbed with 
an equivalent weight of cells of a serologically unrelated 
strain of Shigella alkalescens. Sera treated in this manner 
were called "dilution controls". 
Weighed amounts or cells were suspended in 40 ml of 
saline, centrifuged and washed three times with saline. 
After the rinal washing, the organisms were centrifuged at 
11,000 rpm ror ten minutes in a Sorvall centrifuge (MOdel 
SSl). The supernatant was discarded, the centrifuge tube 
allowed to drain, and the sides of the tube dried with a 
cotton swab. Immune serum in the correct amount was mixed 
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with the cells and the suspensioa incubated at icebox temper-
ature for twenty-four hours. The resulting absorbed serum 
wa.s collected by centrifugation at 11,000 rpm for ten min-
utes, and was tested for specificity with the appropriate 
Flexner strains. 
A. Preparation of type-specific I antibody from Flexner Ia 
antiserum. 
Ia antiserum was absorbed with: 
0.0125 gm/ml of IIb cells 
0.0125 " " III " 0.0125 
" " 
IVb " 0.0125 tt 
" 
v 
" 
... 
-
-
0.0125 
" " 
VI 
" -0.0125 
" " 
y tt 
0.0750 gm/ml total cells 
B. Preparation of the dilution control for the Ia antiserum. 
Ia antiserum was absorbed with 0.0750 gm/ml Shigella 
alkalescens. 
c. Preparation of the type-specific I,s factors from 
Flexner Ib antiserum. 
Ib antiserum was absorbed with: 
0.0125 gm/ml of IIb cells 
0.0375 " " III " 0.0125 
" " 
IVb 
" - -0.0125 
" " 
v " 0.0125 
" 
'! VI !' 
0.0125 
" " 
y . 
" 
0.1000 gm/ml total cells 
15. 
D. Preparation of the type-specific I,s-group "6" complex 
from Flexner, Ib antiserum. 
Ib antiserum was absorbed with: 
0.025 gm/ml of lib cells 
0.025 
" " 
v 
" 0.025 
" " 
VI 
" 
.. .. 
0.025 . " " y " - . ·-
0.100 gm/ml total cells 
E. Preparation of the "dilution control" for the Ib anti-
serum. 
Ib antiserum was absorbed with 0.100 gm/ml Shigella 
alkaleseens. 
F. Preparation of the type-specific III factor from Flexner 
III antiserum.. 
III antiserwn was absorbed with: 
0.050 gm/ml of Ib cells 
0.025 " " lib " 
0.025 " " IVb " 
0.100 gm/ml total cells 
G. Preparation of the type-specific III group "6" complex 
from Flexner III antiserum. 
III antiserum. was absorbed with 0.05 gm/ml IIb cells. 
H. Preparation of the d.ilution control for the III a.nti-
serum. 
III antiserum. was absorbed with 0.100 gm/ml Shigella 
alkaleseens. 
Determination of antibody nitrogen 
The methods used in the determination of agglutinin 
16. 
nitrogen were essentially the same as those used by 
Heidelberger and Kabat (24}. The organisms employed were 
grown and stored as described above. 
At the time when the tests · were to be set up, the cells 
-
were washed at least rive times in saline. Arter the rinal 
washing, they were suspended in cold saline and filtered 
through absorbent cotton to remove clumps, thereby insuring 
an even suspension. 
All determinations were carried out at least in dupli-
cate, but at times in triplicate and even quadruplicate. 
Equal volumes of the bacterial suspensions were added to a 
series of Wassermann tubes using a volumetric pipette. To 
one set of tubes 1 ml of centrifuged immune serum was added 
from an Ostwald pipette. To another set of tubes, 1 ml ot 
centriruged normal horse serum was added. The volume in 
each set or tubes was made up to 4 ml with cold saline. All 
of the above manipulations were carried out in an ice bath. 
The tubes were then stoppered and incubated for forty-
eight hours in the icebox with occasional mixing during the 
incubation period. 
At the end of the incubation period, the suspensions 
were centrifuged at 2500 rpm at 50. The sediment was washed 
three times with 3 ml or cold saline. In order that any 
small amount of cells lost during decantation could be re-
covered, the supernatant of each washing was recentrifuged 
and any sedimented cells combined with the appropriate 
17. 
sample. 
After the washing process, the sediments were quanti-
tatively transferred to 100 ml pyrex Kjeldahl flasks. 
The micro Kjeldahl analysis tor nitrogen was carried 
out by the method described by Kabat and Mayer (32). 
The serum was reabsorbed with fresh cells until no 
antibody could be detected by the method employed. 
18. 
RESULTS 
General considerations 
The quantitative method of determining a specific fac-
tor of an immune serum which has been employed by other 
workers could not be used in this work. The technic used by 
other investigators involved the use of heterologous cells 
which contained the desired antigenic factor, but which 
lacked any other factor which might react with the antiserum. 
However, most Flexner strains contain more than one antigen 
in common with other strains, so more than one antibody 
fraction would be absorbed from an antiserum by any given 
heterologous cell. Consequently, each immune factor which 
was to be measured had to be "isolated". 
Agglutination reactions £! antisera 
The agglutinin titer of both absorbed and unabsorbed 
sera used in this work is summarized in Table 5. Ia, Ib and 
III cells were used as antigens. 
The data tabulated in Table 6 demonstrate that the ab-
sorption technique used rendered the sera specific when tested 
in a dilution of 1:80. Experiments recorded below show that 
amounts of antibody of this order of magnitude cannot be de-
termined by the method employed. 
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Serum controls 
Although the horse serum which was employed as a con-
trol in the quantitative agglutinin tests, "agglutinated" 
the Ia, Ib and III cells in dilutions of 1:80, the factor 
causing this could not be determined quantitatively (Table 7). 
Since the "antibody" was present in a concentration too small 
to be measured, the use of horse serum for controls was con-
tinued for the purely technical reason that agglutinated 
cells are more easily washed than cells in saline suspension. 
Dilution controls 
The antibody nitrogen in the three dilution controls, 
(sera which had been treated with a serologically unrelated 
strain of Shigella alkalescens}, was within the expected 
experimental error ror the determination of agglutinin nitro-
gen of each unabsorbed serum. Thus, it may be assumed that 
the absorbing process did not signif-icantly alter the 
amount of remaining antibody. (Tables 8, 11, 14, 15, 16, 17) 
Agglutinin nitrogen of Ia antiserum ~ its serological 
fractions 
The total agglutinin nitrogen in Ia antiserum for the 
homologous Ia cells was 0.240 mg. The group antibodies in 
Ia antiserum were removed by appropriate absorption, leaving 
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only the type-specific I antibody... This was estimated by 
reaction with Ia cells; the value obtained was 0.180 mg 
antibody nitrogen. Thus, it is apparent that the I anti-
body fraction represents approximately 75 percent of the 
total antibody in the serum. 
~nen Ib cells were tested in unabsorbed Ia serum and 
the absorbed serum containing only the type-specific I anti-
body, essentially the same values were obtained as when Ia 
cells were used. It is true that the values were somewhat 
lower than those obtained with Ia cells, but they are with-
in the experimental error of the teQhnique used . (Tables 8, 
9, 15). 
Agglutinin nitrogen of Ib antiserum and its serological 
fractions 
Type Ib antiserum presented a somewhat more compli-
cated picture. Here, several antibody fractions were con-
sidered: I, s, and 6. The total agglutinin nitrogen in 
Ib antiserum for the homologous Ib cells was 0.199 mg. By 
absorption, the group antibodies in Ib serum were removed, 
leaving only the type-specific I,s fraction. This fraction, 
determined by reaction with Ib cells, was equal to 0.104 mg 
antibody nitrogen. Of this, the I immune factor repre-
sented 0.055 mg nitrogen. This latter value was obtained 
by allowing Ia cells which do not contain the "s" antigen 
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to react with the I,s absorbed serum. By subtracting the 
I from the I,s value, the value tor "s" antibody, 0.049 mg 
nitrogen in Ib antiserum was obtained. 
A second absorbed serum was prepared f'rom Ib antiserum. 
This serum contained, in addition to the I,s fraction, 
group 6 antibody. The total I,s,6 complex, determined by 
reaction with Ib cells, was equal to 0.185 mg antibody nitro-
gen or somewhat over 90 percent of the total antibody in Ib 
immune serum. Sinqe the amount of I,s antibody was already 
known, the amount of group 6 antibody in Ib antiserum was ob-
tained by subtracting the I,s value from the I,s,6 value. 
The figure obtained was 0.081 mg nitrogen. · 
According to a modification of Wheeler's antigenic 
formulae, Ia cells differ from Ib cells in two respects: Ia 
cells lack the "s" factor in its type-specific complex and 
also lack the group 6 antigen. The total antibody nitrogen 
in Ib antiserum directed against Ia cells was 0.080 mg. If 
the values for "s" and 6 antibodies are added to this fig-
ure, a value of 0.203 mg nitrogen is obtained. This checks 
well with the 0.198 mg antibody nitrogen obtained when the 
total in Ib serum was determined, and demonstrates the accu-
racy of the results. 
All of the measurable agglutinin nitrogen in Ib serum, 
specific for type III -cells was contained in the group 6 
antibody fraction. The same values, approximately 0.070 mg, 
of antibody nitrogen were noted when III cells were tested 
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in both unabsorbed Ib serum and in the absorbed serwn con-
taining I,s,6 antibodies. Thus, group 1 and 9 antibodies 
in Ib serum, for which III cells have specific antigens 
according to Wheeler, were present in too small concentra-
tion to be measured quantitatively. 
A summary of the results obtained when Ia, Ib and III 
cells were tested in Ib antiserum and its serological frac-
tions is contained in Tables 10, 11, 12, 16. 
Agglutinin nitrogen of III antiserum and its serological 
fractions 
The total agglutinin nitrogen in unabsorbed III anti-
serum was 0.276 mg. By absorption, the group antibodies in 
the III serum were removed, leaving only the type-specific 
III immune factor. This was determined by reaction with type 
III cells. A value of 0.093 mg agglutinin nitrogen was ob-
tained. 
A second absorbed serum contained the group 6 fraction 
in addition to the type III antibody. The III,6 complex was 
estimated by reaction with type III cells. The figure ob-
tained was 0.221 mg antibody nitrogen. Since the amount of 
type III antibody was known, the value for the n6n fraction 
was obtained by subtracting the amount of III antibody from 
the III,6 complex. The "6" agglutinin was found to be 0.128 
mg antibody nitrogen. 
All of the measurable agglutinin nitrogen in III serum 
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specific for Ib cells was contained in the group "6" anti-
body fractions. The same values (approximately 0.070 mg) 
of agglutinin nitrogen were noted when Ib cells were tested 
in both unabsorbed III antiserum and in the absorbed serum 
containing only the III,6 antibody complex. Thus, the group 
1 and 9 antibodies in III serum, for which Ib cells have 
specific antigens according to Wheeler, were present in too 
small concentration to be measured quantitatively. 
A summary of data obtained from type III antiserum and 
its serological fractions is contained in Tables 13, 14, 17. 
DISCUSSION 
According to Boyd (6, 7) and others (42, 62), the sero-
logical cross reactions which occur among Flexner types are 
due to common "group antigens". These conclusions were not 
based on any chemical data, but were derived from results of 
agglutinin absorption studies. Recently, Perlman and Goebe'l 
(48, 49) have questioned the concept of "group antigens". 
They believe that "group antigens" do not exist as such, but 
. 
that the somatic antigen of a given Flexner strain is a 
single molecule "endowed with multiple serological reactivi-
ties". Cross reactions occur because of similar, although 
not necessarily identical carbohydrate portions of the re-
spective somatic antigens. It is the carbohydrate portion 
of the somatic antigen which is responsible for its sero-
logical specificity. However, it does seem possible that a 
given molecule may have more than one "determinant group". 
If each molecule does have several determining groups, it 
seems proper to think of those groups which are responsible 
for serological cross reactions as "group antigens". If 
there is only one determinate group, as Perlman and Goebel 
imply, cross reactions may be caused by similarities in the 
chemical constitution of the carbohydrate fractio·n of each 
antigen. Thus, there are two possible ways to explain the 
cross reactions which occur among Flexner types: (1) vari-
ous carbohydrate groupings on the antigenic molecule have 
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the power to produce antibodi~s specific for each group, or 
(2) a single carbohydrate group on each molecule produces a 
"multiplicity of antibody" which can react with similar 
though not necessarily identical carbohydrate portions of 
other antigens. Which, if either of these two concepts is 
the correct one has not been shown. We have continued to 
follow Boyd and Wheeler because, at the present time, there 
is no other accepted nomenclature by which we can label the 
various serological fractions of Flexner antisera. 
Our observations bring to light two general points. 
First of all, most of the antibody in the three Flexner 
antisera studied in this work was directed against only one 
or two "antigenic tractions" ot the cell. Ot the total 
agglutinin nitrogen in Ia antiserum, 75 percent ot the anti-
body nitrogen was specific for the type-specific antigen; 
over 90 percent ot the antibody nitrogen in Ib serum was di-
rected against the I,s,6 "antigenic complex", while 80 per-
. 
cent of agglutinin nitrogen in III antiserum reacted with 
the III,6 complex of III cells. 
Secondly, certain "group antibody fractions" in the 
sera were present in such small amounts that they could not 
be determined quantitatively. Specifically, group 1 and 9 
antibodies were in quantitatively unmeasurable amounts in 
both Ib and III sera. 
Wheeler recognized as many as six different group anti-
gens in some cultures. ·WAile certain of these may be of 
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academic and biological significance, they are of little im-
portance in the practical identification of Flexner strains. 
Madsen's recommendations for simplification of Wheeler's 
scheme are well founded. This investigator recognized no 
more than two group antigens in any given type, but still 
he maintained the framework of the accepted scheme of 
Wheeler. In the present investigation, antibodies specific 
for group antigens 1 and 9 were shown to be present in 
amounts too small to be measured quantitatively. Since the 
presence or absence of such minor antigens in a strain has 
little or no bearing on the serological identification of 
the organism, as Wheeler (50, 60) admitted, there is little 
or no reason for labeling them in a serological system of 
classification. They only confuse the picture. 
Prior to Madsen, Well made a noble attempt to simplify 
the problem of Flexner typing. Perhaps the greatest fault 
that has been found with Well's scheme was his concept of 
"dual types". For example, Wheeler's type Ia strain, now 
called Ib (36}, was designated I•III by Well, since this 
culture agglutinated strongly with sera prepared against 
either I or III cells. This terminology was criticized, 
probably because one might expect the I•III organisms to ab-
sorb most or all of the antibody from a serum prepared with 
III cells. Vvhile this has been shown qualitatively by 
others (42) not to be the case, the present results put the 
data in quantitative terms: the Ib cells employed in this 
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work were able to remove only 2'5 percent of the total agglu-
tinin nitrogen of the III antiserum. 
However, throughout his work, Weil emphasized that in 
his opinion one or two "primary" antigens predominate in 
each strain and that these factors are the major determi-
nants of the immune response of a host. He was unable to 
give any quantitative data and based his speculations on re-
sults derived :from mouse protection tests. Although most 
Flexner types may serologically cross react to a greater or 
lesser degree in the test tube, these same strains exhibit 
little cross protection powers in mice. That resistance in 
mice is predominantly type-specific has been shown by other 
investigators. On the other hand, it has also been shown 
that immunization with certain types will protect mice from 
challenge with some heterologous strains. For example, immu-
nization with Ib cells renders mice resistant to challenge 
with both Ia and III cells, but the immunity produced is con-
siderably less than when homologous antigens are employed. 
The quantitative data presented here show that most of 
the antibody in our sera was directed against one or two 
"antigenic fractions". The type-specific immune factors of 
course contributed considerably to the total antibody con-
tent of each immune serum, but it was surprising to note the 
quantitative importance of the "group 6 antibody :fractions" 
in both Ib and III antisera. In the type III serum used in 
this work, the "group 6 antibody fraction" contained more 
28. 
agglutinin nitrogen than even the "type-specific fraction". 
Whether or not this same distribution of antibody would 
occur if the antiserum had been prepared in different rab-
bits or if other strains of type III cells had been used as 
antigens in the production of the antiserum, has not been 
established. This is work which remains to be done. Never-
theless, it is probably this group 6 antigen present in both 
Ib and III cells which is responsible for the resistance ot 
mice immunized with Ib cells to challenge with III cells. 
It is interesting to note that Ib cells were able to re-
move only a fraction of the "6" antibody complex of type III 
serum. Of the total 0.128 mg antibody nitrogen in the 
"group 6 antibody fraction" of III antiserum, only 0.071 mg 
- - - ~ 
nitrogen was absorbed by Ib cells. On the other hand, III 
cells were able to absorb all of the group 6 antibody from 
type Ib antiserum within experimental error of the method 
used. Consequently, Ib cells contain only a fraction of the 
"group 6 antigenic complex" of III cells, while the III cells 
appear to possess the complete "6" antigen of Ib cells. 
Since many of the serological cross reactions which oc-
cur among Flexner organisms involve an inconsequential 
amount of antibody, immunization of mice with one type 
would not render them resistant to challenge with another 
type. With data on mouse protection tests as a background, 
investigators (59) have suggested that vaccines for human 
immunization be composed of Flexner types prevalent in any 
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given area. This has been tried. Shaughnessy et al. (52) 
and Hardy et al. (24) have reported imm.un~zed humans to be 
no more resistant to infection than unimmunized controls. 
Consequently, choice of immunizing agents on the basis of 
their antigenic components, which no doubt are of primary 
importance, is not the whole answer. Other factors are ne-
cessary. 
It is known that all strains of the typhoid bacillus, 
while similar antigenically, are not good immunizing agents. 
All of the cellular components which a typhoid organism 
must poss~ss before it can confer maximum immunity are not 
known. However, freshly isolated cultures seem to be good 
immunizing agents, while most laboratory strains are not. 
It does not seem illogical to think that laboratory 
strains of Flexner organisms differ in some presently unde-
tectable way from freshly isolated cultures. The presence 
of this undetectable property may determine whether or not 
a given strain is a go'od immunizing agent. Some investiga-
tors (47, 64} have reported good results in combating endem-
ic dysentery by immunization procedures using as vaccine com-
ponents organisms isolated from patients with the infection. 
It is this point, the selection of the proper immuniz-
ing strain of each serological type, that should be investi-
gated. Much information has accumulated concerning the 
antigenic characteristics of the Flexner group. Our results 
have put in to quantitative terms the immune response to 
)0. 
these various antigens. If immunity to dysentery is to be 
artificially induced, it appears that, at the present stage 
of our knowledge, the answer may lie in the use of vaccines 
composed of strains of the proper type which have been fresh-
ly isolated from humans with the infection. 
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SUMMARY 
1. The type-specific antibodies in Shigella flexneri types 
Ia, Ib and III antisera have been estimated quantita-
tively. 
2. The group-specific "6" antibody in Shigella flexneri 
types Ib and III antisera have been estimated quantita-
tively. 
J. The results are discussed in terms of the problem of 
typing Shigella flexneri strains serologically and in 
relation to the possibility of inducing resistance to 
infection by Flexner strains. 
APPENDIX 
T.AJ3LE 1 
Boyd's Antigenic Scheme of the Flexner Group 
Organhm Type Antigen Group Antigen 
V and VZ I 123456 
w II 1 2 4 
z III 1 2 6 
103 IV 1 2 3 
Pll9 v 1 5 
88 
Newcastle VI 1 2 4 
Manchester 
T.A:BIE 2 
i'lhee1erls Antigenic Scheme of the Fle.xner Group 
Type Type Antigen Group .Antigen 
I a. I 1 2 4 5 6 9 
Ib I 1 2 4 5 9 
II a. II 1 3 4 
IIb II 1 7 8 9 
III III l 6 7 8 9 
IVa. IV l 6 
IVb IV l 3 4 
v v l 5 7 9 
VI VI l 2 4 
X l 7 8 9 
y l 3 4 
35. 
TA13LE 3 
Madsen' s Antigenic Scheme of the Fiexner Group 
Type Type Antigen Group Antigen 
la. I 4 
lb I , s L~ 6 
2a II 3 4 
2b I I 7 
3 III 6 7 
4a IV 
4b IV 6 
5 v 7 
6 VI (4) 
X 7 
y 3 4 
TABLE 4 
Summar,y of the Designation of Shigella f1exneri Strains 
Kruse, Andrews and :Boyd. \'Theeler i'feil Madsen and 
Ritterhaus, et al, Inman International 
BO v I Ib I la 
A vz I a I. III lb 
D w II II a II 2a 
wx lib II. VII 2b 
H z III III III 3 
IV iVa IV 4a 
IVb III. IV 4b 
G v v v 5 
L VI VI VI 6 
X X X X VII X 
y y y y VIII y 
37. 
TABLE .5 
Agglutinin Titers of Shigella f1exneri Antisera 
Tested with Types Ia, Ib and III Cells 
Se 
Cells I a I (Ia)* Ib Is (Ib) I,s,6 (lb) III III (III) III,6 (III) 
I a 5120 2.560 .5120 2.560 2560 320 
-·· 
lb .5120 2,560 .5120 2.560 2.560 2.560 
-
1280 
III 320 
-
2.560 2560 .5120 2.560 2.560 
. ( ) parent serum from \':hich absorbed serum was prepared. 
**- no agglutination in a dilution of lt80 
38. 
TA'BLE 6 
Specificity of Shigella ilexneri Antisera aft er Absorption 
Parent Immune Factors 
Serum Present After Tes ·ted '\'Iith Cell Type 
Absorotion I a Ib II a. IIb III IVa. IVb v VI X y 
I a I + ~ .. ... - ... ... - - -
Ib I, s + + ~ ... .... - - - ... ... .... 
Ib I, s, 6 + + ... + + ... - ,.. -
III III 
-
+ "" - ... 
III III, 6 ... + - - + + .... ... 
~ nc agglvtination in a dilution of 1:80 
Cells 
I a 
I a 
Ib 
Ib 
III 
III 
TABLE 7 
Summary of Data Showing that the Horse Serum Used 
in the Controls of the ~titative Agglutinin Tests 
Contained No Measurable Agglutinin Nitrogen 
Horse Serum Nitrogen (mg) 
lml .530 
0 .528 
lml . 923 
0 . 932 
lml .884 
0 .885 
39. 
TA:BLE 8 
Agglutinin Nitrogen of Shigella .il§:lmeri TyPe Ia Antiserum and 1 ts 
Serological Fractions Dir ected Against Sh~gella !lexner~ Type Ia Cel ls 
SerQJ!l Antigen Absorption Residual Titer ::Be.cterial Total Antiboey Total 
After Absorption Nitrogen Nitrogen Nitrogen Antibody 
:!gglutina.ted. N!t;~Zogen 
mg mg mg mg 
I a I a 1st 1280 1.404 1.646 .242 
2nd 80 1.766 1.773 .007 . 249 
I a I a 1st 2560 .923 1.113 .190 
2nd .320 .873 .919 .046 .2.36 
I a I a let 
-
1.187 1.421 .2_34 
2l:d 
-
.3S8 .362 .oo4 .238 
I a (c)* I a 1st 64o 1 .881 2.1,30 .249 
2nd 
-
.878 .878 .ooo .249 
I (Ia)** I a 1st 640 1.881 2.062 .181 
2nd 160 .878 .868 .ooo .181 
I (I a) I a 1st 1280 .938 1.095 .156 
2nd 64o .530 .ss6 .026 .182 
I (la) I a 1st 1280 1.228 1.377 .149 
2nd 
-
.604 .632 .028 .177 
• Ia(c) Ia dilution control 
** I (Ia) Absorbed serum containing typ&Mspecific I antibody prepared from Ia antiserum 
Average 
.A.ntiboiy 
Ni tl~ogen 
mg 
.241 
.249 
.180 
.f::-
0 
• 
Serum Antigen 
I a Ib 
ia Ib 
1 (Ia.)* Ib 
I (I a) Ib 
TABLE 9 
Agglutinin Nitrogen of Shigella fle::meri Type Ia Antiserum and its 
Serological Fractions Directed Against Shigella fle;neri Type Ib Cells 
Absorption Residual Titer :Bacterial Total Antibody 
After Absorption Nitrogen Nitrogen Nitrogen 
kglutinated. 
mg mg mg 
1st 640 1.237 1.468 .231 
1st 
-
1.249 1.477 .228 
2nd ...... .722 .725 .003 
1st 1280 .923 1.058 .135 
2nd 6ij() 
.390 .417 .027 
1st 
-
1.643 1.089 .165 
2nd. 
-
.739 .746 .007 
Total 
Antibody 
Nitrogen 
mg 
.231 
.231 
.163 
.17.3 
* I (Ia) Absorbed serum containing t~,..:pe-SJ?ecific I antibody :prepared from Ie. antiserum 
Avex:'age 
Antibody 
lUtrggea 
mg 
.. 231 
.168 
T.A:BLE 10 
Agglutinin Nitrogen of Shigella f1exneri Type Ib Antiserum and its 
Serological Fractions Directed Against Shigella flexneri Type Ia Cells 
Serum Antigen Absorptj,on Residu.a.l Titer :Bacterial Total Antibody 
After Absorption Nih'ogen Nitrogen Nitrogen 
~glutina.ted 
mg mg mg 
Ib I a 1st 80 1.4o4 1.477 .073 
Ib I a let 1280 • .54o .607 .067 
2nd 80 • .530 • .544 .014 
Ib I a 1st 40 .923 1.003 .083 
Ib I a 1st 80 1.244 1 • .323 .079 
Ib I a 1st 80 .832 .91.5 .08.3 
r,s (Ib)* I a 1st .320 1.881 1.94o .059 
I 1 s (Ib) ia 1st 640 • .54o • .590 .050 
2nd 320 .5.30 • .522 .ooo 
I,s,6 (Ib)**Ia 1st ....... 1.187 1.246 .059 
2nd ~ • .)67 .367 .ooo 
Total 
Antibody 
Nitr~u~:en 
mg 
• 07.3 
.081 
.083 
.079 
.08.3 
.0.59 
.0.50 
.059 
* I,s (Ib) Abso1·'bed serum containing tYJ?eespecific I,s frl9.ction prepared from Ib antiserum. 
Average 
Antibody 
NitrQgen 
mg 
.080 
.055 
.059 
** r.,s,6(!b) Absorbed Serum containing tYJ?e ... specific I 1 s,6 antibody complex prepared from Ib antiserum. 
~ 
l\) 
• 
TABLE 11 
Agglutinin Nitrogen of Shigella flexneri Type Ib Antiserum and its 
Serologtcal Fractions Directed. Against Shigella flexneri Type Ib Cells 
Serum Antigen Absorption Residual Titer Bacterial Total Antibody 
After Absorption Nitrogen Nitrogen Nitrogen 
.A.eglut ina ted 
mg mg mg 
Ib Ib lst 640 1.237 1.433 .196 
Ib Ib 1st ...... 1.249 1.450 .201 
2nd 
-
.720 .722 .. 002 
Ib (c)* Ib 1st 640 1.205 1.397 .192 
I,s (Ib)** Ib 1st 64o .784 .889 .105 
I,s (Ib) Ib let 1280 .923 1 .. 015 .092 
zm 640 .397 .407 .010 
i,s,6 (Ib)*** lb 1st 640 1.205 1.393 .188 
I,s,6 (Ib~ lb 1st 1280 .923 1.090 .167 
2nd 64o .397 .412 .015 
* Ib (c) lb dilution control 
Total 
Antibody 
;N~trQgen 
mg 
.196 
.203 
.192 
.105 
.102 
.188 
.182 
** I,s (Ib) Absorbed serum containing typee-ospecific I,s fraction prepared from lb antiserum. 
*** I, s,6 (Ib) Absorbed serum containing I,s,6 antibody complex prepared from Ib antiserum. 
Average 
Antibody 
NU;togen 
mg 
.199 
.192 
.104 
.185 
Serum 
Ib 
I,s,6 (Ib)* 
T.Al3LE 12 
Agglutinin Nitrogen of Shigella f.lexneri Type Ib Antiserum and its 
Serological Fractions Directed Against Shigella. flexneri '.~:ype III Cells 
Antigen Absorption :Besiilual !ri ter Bacterial Total Antibody 
After Absorption Nitrogen Nitrogen Nitrogt;n 
:.\g;f.:lJ.lt1nated 
mg mg mg 
III let 160 1.448 1.507 .059 
III 1st .320 .884 .944 .o6o 
2nd 160 . .814 .81.3 .ooo 
* I,s,6 (Ib) Absorbed serum containing the I,s,6 antib~ complex prepared from Ib antiserum 
Total Average 
Antibody Antibody 
n~~rogen Nitrggen 
mg mg 
.059 .059 
.o6o .o6o 
Serum Antigen 
III Ib 
III,6(UI)* Ib 
.Agglutinin Nitrogen of Shigella. fle;meri Type III Antiserum and its 
Serological Fre.ctions Directed Against Shigella flexneri Type Ib Cells 
. Absorption .Residual Titer l3acterial Tqta.l Antibody 
After Absorption Nitrogen Nitrogen lqi trogen 
.Aee:lutinated. 
mg mg mg 
let 80 1.2.37 1.,309 .072 
l et .320 .784 .855 .071 
Total 
Autii:>od.y 
Nitrogen 
mg 
.072 
.071 
• III, 6 (III) Absorbed serum containing III, 6 . antlb~ COmPl~x prepared from III antiserum. 
Average 
Antibody 
llTitroge~ 
mg 
.072 
.on 
Serum 
III 
III 
III (III)* 
III (III) 
III,6 (III)** 
III,6 (III) 
III (c)*** 
TABLE 14 
Agglutinin Nitrogen of Shigella f1~xneri ~e III Antiserum and its 
Serological Fractions Directed Against Sh~gella flexneri Type III Cells 
Antigen Absorption Residual Titer :Bacterial Total Antibody 
After Absorption }Xi trogen lUtrogen Nitrogen 
.Agd utinated 
mg mg mg 
III 1st 1280 .804 1.091 .207 
2nd 320 .eoo .867 .067 
III 1st 1~497 1.764 .267 
2nd .637 .647 .blb 
III 1st 160 .8a4 .974 .o9o 
2nd 4o .800 .800 .ooo 
III 1st 1.497 1 • .593 .096 
2nd .637 .639 .ooo 
III 1st 
-
1.497 1.711 .2i4 
2nd .637 .632 .ooo 
III 1st 160 1.462 1.689 .227 
2nd 
-
.712 .?10 .ooo 
III 1st 1280 .8a4 l. 09.5 .211 
2nd 320 .800 .8.59 .0.59 
Total 
Antibody 
Nitrogen 
mg 
.274 
.277 
.090 
.096 
.214 
.227 
.270 
* III (Ill) Absorbed serum containing type-specific III antibody prepared from III antiserum. 
** III, 6 (III) Absorbed serum containing III, 6 antibody complex prepared from III antise~. 
*** III (c) III dilution control. 
Average 
An~ibody 
Nitrogen 
mg 
.276 
.093 
.221 
.270 
.f::'" o-- : 
• 
T1U3LE 15 
Average Agglutinin Nitrogen of Shi gella flexneri Type Ia 
Antiserum and its Serological Fractions Directed Against 
Shigella flexneri T~~es Ia , Ib, and III Cells 
Serum 
Cells Ia* I** Ia (c)*** 
mg mg mg 
I a .24o .180 .249 
Ib .2.31 .168 
III 
* Ia Ia antiserum unabsorbed. 
**I Absorbed Ia antiserum containing Type-specific factor I 
*** Ia (c) Ia dilution control 
Antibody nitrogen not determined 
47. 
TABLE 16 
Average Agglutinin Nitrogen of Shigella flexneri Type Ib 
Antiserum and. its Serological Fractions Directed Agains~· 
Shigella flexneri Types Ia, Ib, and III Cells 
Serum 
Cells n• I 1 s** I 1 s 1 6*** lb (cl**** 
mg mg mg mg 
Ia .080 .055 .059 
Ib .199 .104 .185 .192 
III .072 .071 
-
* Unabsorbed Ib antiserum. 
** Absorbed serum containing type-specific I, s factors. 
*** Absorbed serum containing I,s,6 antibody complex 
**** Dilution control. 
-- Antibody nitrogen not determined. 
48. 
TABLE 17 
Average Agglutinin Nitrogen of §b.igella f1exneri Type III 
Antiserum and its Serological Fractions Directed Against 
Shigella flexneri Types Ia, Ib,and III Cells 
Serum 
Cells III*unabs. III** III,6*** III(c)**** 
mg mg mg mg 
I a 
-
Ib .072 .071 
III .276 .093 .221 .270 
* Unabsorbed III antiserum. 
** Absorbed antiserum containing type-specific III factor. 
*** Absorbed antiserum conta ining III,6 antiboiy complex. 
**** Dilution control for III antiserum. 
Antibody nitrogen not determined. 
49. 
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The Flexner group of dysentery organisms contains a number 
of strains classified together because of their close physio-
logical and serological properties. The serolog:lcal relation-
ships of this group have been determined qualitatively by Boyd 
and ~~eeler. According to these investigators~ each Flexner 
type is distinguished by the presence in the cell of an antigen 
characteristic of that type. This antigen is called the "type-
specific" antigen. Those antigens, possessed in common by 
several types, which are responsible for the serological cross 
r eactions are designated as "group antigens". 
The purpose of this investigation was to study quantitatively 
(using the method of Heidelberger and Kabat to measure agglutinin 
nitrogen) the serological cross reactions that occur among 
Shigella flexneri types Ia, Ib and III. In so far as it seemed 
practical, a quantitative serological analysis was made of types 
Ia, Ib and III antisera. The type-specific antibody in each 
serum and the group "6" antibody in types Ib and III antisera 
was measured. It is this "group 6" factor, possessed in common 
by both Ib and III cells, which is responsible for the close 
serological relationship of these two types. 
The quantitative method of determining a specific factor of 
an immune serum employed by other workers could not be used in 
this work. The principle involved the use of heterologous cells 
which contained the desired antigenic factor, but lacked any 
other factor which might react with the antiserum. However, 
56. 
most Flexner strains contain more than one antigen in common with 
other strains, so more than one antibody fraction would be absorbffi 
from an antiserum by any given heterologous cell. Cons equently, 
:~ 57. 
each immune factor which was to be measured had to be "isolated". 
This was accomplished by absorption techniques. 
The total antibody nitrogen in Ia antiserum directed against 
Ia and Ib cells was determined. By proper absorption, the group 
antibodies in Ia immune serum were removed, leaving only the 
type-specific I factor. This was estimated by reaction with Ia 
and Ib cells. 
The total agglutinin nitrogen in Ib i~mune serum, specific 
for Ia, Ib and III cells was measured. An absorbed serum was 
prepared from Ib antiserum which contained the type-specific I, a 
fraction. This was estimated by allowing the absorbed serum to 
react with Ib cells; the value obtained when Ia cells were used 
in the system was the amount of I antibody nitrogen in the I, a 
mixture. By subtracting the I from the I, s, the value for "a" 
antibody nitrogen in Ib serum was obtained. A second absorbed 
serum was prepared from Ib antiserum. This serum contained in 
addition to the I, s fraction, the group 6 anti body. The total 
I, s, 6 complex was determined by reaction with Ib cells. Since 
the I, s antibody nitrogen had alreacw been determined, the amount 
of group 6 antibody nitrogen in Ib immune serum was obtained by 
subtraction. The group 6 antibody in Ib serum which was directed 
against III cells was determined by allowing these cells to react 
with the I, s, 6 absorbed serum. 
The total agglutinin nitrogen in III immune serum specific 
for Ib and III cells was determined. By absorption with the 
proper Flexner strains, the group antibodies in III antiserum 
were removed leaving only the type-specific III factor. This 
was measured by reaction with III cells. A second absorbed 
serum which contained type-specific III group 6 factors was 
prepared from III antiserum. The III, 6 antibody nitrogen was 
estimated by reaction with III cells. Since the type III anti-
body nitrogen concentration was already known, the value for 
the group 6 fraction was obtained by subtraction. The amount of 
group 6 antibody in III antiserum which was directed against 
type Ib cells was determined by allowing the Ib cells to react 
with the III, 6 absorbed serum. 
In the preparation of each absorbed serum, a known amount of 
antiserum was absorbed with a known amount of cells. In order 
to control for dilution, occlusion, and non-specific absorption 
which m:lght have occurred in the preparation of the absorbed 
sera, each antiserum ( Ie., Ib and III) was absorbed with a com-
parable amount of a serologically unrelated strain of Shigella 
alkalescens. The total antibody nitrogen of each of these "dilu-
tion controls" was determined. In order that a dilution control 
be valid, its agglutinin nitrogen must equal the antibody nitrogen 
of its respective unabsorbed serum. All of the dilution controls 
fulfilled this requirement. 
The total agglutinin in Ia antiserum was 0.240 mg. Of this 
total, the type-specific I immune fraction contributed 0.180 mg. 
'Vhen Ib cells were tested in unabsorbed Ia serum and in the 
absorbed serum containing only the type-specific I antibody, 
essentially the same values were obtained as when Ia cells were 
used. The values obtained were somewhat lower than those obtained 
with Ia cells, but they were within experimental error of the 
technique employed. 
r~ ,.")9 • --, 
The total antibody nitrogen in Ib antiserum was 0.198 mg. 
Of this total~ the type-specific I, s fraction made up 0.107 mg 
nitrogen while the I, s, 6 complex represented 0.185 mg agglutinin 
nitrogen. The amount of type-specific I antibody in the Ib 
antiserum was o.062 mg agglutinin nitrogen. This was measured by 
testing Ia cells, which do not contain ns" antigen, in the I, s 
absorbed serum. \l'fuen the antibody nitrogen in I1 _. s, 6 absorbed 
serum which was directed against type III cells was measured, it 
was found that the same value (0.059 mg) was obtained as when 
the type III cells were tested in the Ib unabsorbed antiserum. 
The total antibody nitrogen in III antiserum was o.276 mg. 
Of this total~ the type-specific II! fraction made up 0.093 mg 
nitrogen while the III, 6 complex represented 0.221. When the 
antibody nitrogen of the III, 6 absorbed serum directed against 
Ib cella was determined, it was found that the same value (0.071) 
was obtained as when Ib cells were tested in the III unabsorbed 
antiserum. 
The resu~s of this work brought to light two gener~l points. 
First, most of the antibody in the thr.ee Flexner sera studied was 
directed against only one or two antigenic fractions of the cell. 
Of the total agglutinin nitrogen in Ia antiserum, 75 per cent of 
the antibody nitrogen was specific for the type-specific antigen; 
over 90 per cent of the agglutinin nitrogen in Ib serum was direc-
ted against the I, s, 6 antigenic complex of Ib cells, while 80 
per cent of t h e agglutinin nitrogen in III antiserum reacted with 
the III~ 6 complex of the III cells. 
Secondly, certain group antibody fractions in the sera were 
i>o. 
present in such small amounts that they could not be determined 
quantitatively. Specifically, the group 1 and 9 antibodies in 
Ib and III antisera were in quantitat:tvely immeasurable amounts. 
These results are discussed in terms of the problem of 
serological typing of Flexner organisms, and also in relation 
to the possibility of inducing resistance to infection by Flexner 
strains. 
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